To examine whether atrial natriuretic polypeptide (ANP) is released from the left ventricle in patients with dilated cardiomyopathy (DCM) we measured plasma ANP level in the aortic root (Ao), the anterior interventricular vein (AIV), the great cardiac vein (GCV), and the coronary sinus (CS) in 11 patients with DCM and 18 control subjects. Plasma ANP levels in Ao, AIV, GCV, and CS were 454±360, 915±584, 1,308±926, and 1,884±1,194 pg/ml, respectively, in the patients with DCM and 108±42, 127±55, 461±224, and 682±341 pg/ml, respectively, in the control subjects. There was no significant difference in the plasma ANP levels between Ao and AIV in the control subjects. On the contrary, there was a significant (P < 0.001) step-up in plasma ANP levels between Ao and AIV in patients with DCM. Thus, the difference in ANP levels between Ao and AIV was significantly increased in patients with DCM as compared with the control subjects (461±248 vs. 19±59 pg/ml, P < 0.001). The difference in ANP levels between Ao and CS was also significantly increased in patients with DCM as compared with the control subjects (1,429±890 vs. 577±318 pg/ml, P < 0.001). We conclude that ANP is released in increased amounts into the circulation from the left ventricle as well as from the heart as a whole in patients with DCM.
Introduction
Atrial natriuretic polypeptide (ANP)' is a circulating hormone with a wide range of potent biological effects, including natriuresis, diuresis, vasodilatation, and inhibition of renin and aldosterone secretion (1) (2) (3) (4) (5) , and there is now increasing evidence that it plays an important role in the regulation of fluid volume and blood pressure (2) (3) (4) (5) . Studies using RIA have indicated that plasma ANP levels are increased in patients with congestive heart failure (6) (7) (8) (9) (10) and that there is a linear rela-ANP, atrial natriuretic polypeptide; Ao, aortic root; CS, coronary sinus; DCM, dilated cardiomyopathy; GCV, great cardiac vein; hANP, human ANP. tion between plasma ANP level and atrial pressure (9, 10) , implying that atrial pressure or stretch plays an important role in regulating secretion of ANP.
Since the pioneering observation of de Bold and his coworkers (11) ANP has been thought to be present in the atria but not in the ventricles of adult mammals (1) (2) (3) (4) (5) 12) . However, several recent reports have demonstrated that the ventricle is capable of synthesizing and storing substantial amounts of ANP during cardiac hypertrophy and failure in rats and hamsters (13) (14) (15) (16) (17) . We have reported a patient with dilated cardiomyopathy (DCM) who died of congestive heart failure; the patient showed very high levels of plasma ANP and increased tissue levels of both ANP and ANP mRNA in the left ventricle at autopsy (18) . Recently Edwards and his co-workers demonstrated immunohistochemically the presence of ANP within human ventricles with congestive heart failure (19) . However, it is not known either in animals or in humans whether ANP is actually released from the left ventricle into the circulation. We have shown that ANP is released into the general circulation at least partially by way of the coronary sinus (CS; 6, 20) . Because the CS receives blood from both the atria and the ventricles, and because the anterior interventricular vein (AIV) which empties into the coronary sinus by way of the great cardiac vein (GCV) is thought to drain the left ventricle and not the atria (21-23), the difference of plasma ANP levels between the AIV and the aortic root (Ao) is thought to reflect the amount of ANP released from the left ventricles and not the atria.
The present study was designed to examine whether ANP is released in increased amounts from the left ventricle in patients with DCM as compared with the control subjects by sampling blood for ANP from the Ao and various sites in the CS system including the AIV.
Methods
Patients. 11 patients (10 men and 1 woman, ages ranging from 49 to 71 yr, with a mean age of 60 yr) with DCM in whom diagnostic cardiac catheterizations were performed and in whom insertion of catheters into the AIV was possible were the subjects ofthis study. The diagnosis of DCM was based on history, physical examination, chest x-ray, electrocardiogram, echocardiogram, cardiac catheterization, and angiocardiography, including left ventriculography and coronary arteriography. Endomyocardial biopsy was also done in seven of the patients. In all patients ischemic heart disease, hypertension, valvular heart disease, congenital malformation of heart and vessels, or intrinsic pulmonary parenchymal or vascular disease were excluded. The patients were receiving diuretics and a combination of digitalis (n = 6), calcium antagonists (n = 3), or nitrates (n = 4), although treatment was withheld on the day before the study. We selected as control subjects 18 patients without heart muscle diseases and heart failure (12 men and 6 women, ages ranging from 21 to 71, with a mean age of 53) in whom diagnostic cardiac catheterizations were performed and in whom in- After the right heart catheterization was done using a Swan-Ganz catheter placed in the main pulmonary artery, a 6-French Goodale-Lubin catheter was placed in the CS by way of a brachial vein. The catheter was then advanced to the AIV under fluoroscopy using a guide wire. The position of the catheter tip in the AIV was confirmed by injection of contrast dye. This was the critical part ofthe study and the patients in whom at least the proximal halfof the AIV was not visualized were excluded from the study. A Sones catheter was placed at the root of the aorta by way of a brachial artery. Sampling of blood for ANP was done simultaneously at the root ofthe aorta, the AIV, the GCV, and the CS. Care was taken to draw blood samples slowly from the AIV. Data from the initial part of the study that included samples drawn forcibly were discarded because we found that forcible drawing ofblood from the AIV resulted in spuriously high levels of plasma ANP, probably because backflow from the GCV occurred and contaminated the AIV with higher concentrations ofANP.
RIAJorANP. All blood samples were withdrawn into chilled plastic syringes and transferred to chilled siliconized disposable tubes that contained aprotinin (1,000 kallikrein inactivator units/ml) (Ohkura Pharmaceutical, Kyoto, Japan) and EDTA (I mg/ml), then immediately placed on ice and centrifuged at 4VC. An aliquot of plasma was immediately frozen at -20°C and thawed only once at the time of extraction. Plasma ANP concentration was measured by the RIA for ANP as previously reported (6) . Antibodies were raised in New Zealand white rabbits immunized with synthetic alpha human ANP (hANP). This RIA recognizes a common carboxy-terminal sequence of alpha hANP and is equally specific for both alpha hANP and alpha rat ANP. Cross-reactivities with beta hANP and gamma hANP in the RIA are 120 and 100% on a molar basis. 
Results
Catheterization data. Table I shows the cardiac catheterization data on the patients with DCM and control subjects. Cardiac index and ejection fraction were significantly reduced and pulmonary capillary wedge pressure and left ventricular end-systolic volume index were significantly increased in the patients with DCM as compared with the control subjects. Fig. 1 shows a representative coronary venogram in the left anterior oblique projection and the position of the catheter tip for sampling blood from the AIV. Plasma ANP levels. Fig. 2 shows plasma ANP levels in the Ao, the AIV, the GCV, and the CS in the control subjects and in the patients with DCM. In the control subjects there was no significant difference in the plasma ANP levels between the Ao and the AIV (108±42 vs. 127±55 pg/ml). On the contrary, there was a marked step-up in the plasma ANP levels between the AIV and the GCV (127±55 vs. 46i±224 pg/ml, P < 0.001). There was also a significant step-up in the plasma ANP levels between the GCV and the CS (461±224 vs. 682±341 pg/ml, P < 0.001). In patients with DCM, on the other hand, there was a significant step-up in the plasma ANP levels between the Ao and the AIV (454±360 vs. 915±584 pg/ml, P < 0.001). There was also a significant step-up in plasma ANP levels between the AIV and the GCV (915±584 vs. 1,308±926 pg/ml, P < 0.001) and between the GCV and the CS (1,308±926 vs. 1,884±1,194 pg/ml, P < 0.001). Thus, the difference in plasma ANP levels between the Ao and the AIV was significantly increased in patients with DCM as compared with the control subjects (461±248 vs. 19±59 pg/ml, P < 0.001) as shown in Fig. 3 . The difference in plasma ANP levels between the CS and the Ao was also significantly increased in patients with DCM as compared with the control control subjects and patients with DCM. There was a highly significant difference in the arteriovenous ANP difference between the control subjects and the patients with DCM in both the AIV and the CS. subjects (1,429±890 vs. 577±318 pg/ml, P < 0.001; Fig. 3 ). Plasma ANP levels were significantly increased in patients with DCM as compared with the control subjects at each blood sampling site (in the Ao, 454±360 vs. 108±42 pg/ml, P < 0.001; in the AIV, 915±584 vs. 127±55 pg/ml, P < 0.001; in the GCV, 1,308±926 vs. 461±224 pg/ml, P < 0.001; and in the CS, 1,884±1,194 vs. 682±341 pg/ml, P < 0.001).
The difference in plasma ANP levels between the AIV and the Ao had a highly significant positive linear correlation with end-systolic volume index (r = 0.8334, P < 0.001), a highly significant negative linear correlation with ejection fraction (r = -0.8262, P < 0.001), a highly significant negative linear correlation with cardiac index (r = -0.72 10, P < 0.001), and a highly significant positive linear correlation with pulmonary capillary wedge pressure (r = 0.7176, P < 0.001) as shown in
Figs. 4 and 5.
Discussion
We have shown that ANP is released into the general circulation at least partially by way of the CS (6, 20 Figure 4 . The difference in plasma ANP levels between AIV and Ao had a highly significant positive correlation with the end-systolic volume index (top) and a highly significant negative correlation with the ejection fraction (bottom), respectively. tricular vein, and the small cardiac vein (21-23). Although the exact distribution and location of the venous system that drains the atria are not known, the oblique vein of Marshall and the small cardiac vein are thought to drain the left and right atrium, respectively (23) . The left posterior atrial veins also drain the left atrium and empty into the CS. Thus, the GCV which is upstream to these veins is thought to contain a lower proportion of blood from the atria than the CS, and the AIV which is located in the anterior interventricular groove and is upstream to the GCV is thought to drain the left ventricle but not the atria.
In the present study blood sampling for ANP was done in the Ao, the AIV, the GCV, and the CS simultaneously. In the control subjects there was no significant difference in plasma ANP levels between the Ao and the AIV, but there were highly significant step-ups in plasma ANP levels between the AIV and the GCV and between the GCV and the CS. This indicates that ANP is not released significantly from the left ventricle in the control subjects and is increasingly released into the CS system as blood flows downstream from the AIV to the CS. In contrast, there was a highly significant step-up in the plasma ANP levels between the AIV and the Ao in patients with PCW Pressure (mmHg) Figure 5 . The difference in plasma ANP levels between AIV and Ao had a significant negative correlation with cardiac index (top) and a highly positive correlation with pulmonary capillary wedge (PCW) pressure (bottom), respectively. DCM. Thus, the present study indicates that increased amounts of ANP are released from the left ventricle into the circulation in patients with DCM. The fact that the magnitude of step-up in plasma ANP between the Ao and the AIV correlated significantly with the left ventricular end-systolic volume index, ejection fraction, and cardiac index also supports the above concept.
The present study also shows that the difference in plasma ANP levels between the CS and the Ao was significantly increased in patients with DCM as compared with the control subjects, indicating that the amount of ANP released from the heart as a whole was significantly increased in patients with DCM as compared with the control subjects.
Thus, ANP is released in increased amounts from the left ventricle as well as from the heart as a whole into the circulation in patients with DCM as compared with the control subjects. Since the pioneering work of de Bold and his co-workers (11 ) ANP has been thought to be secreted from the atria and not from the ventricles in adult mammals (1) (2) (3) (4) (5) 12 33 pertrophy or heart failure (13) (14) (15) (16) (17) in animals. Recently, Edwards and his co-workers demonstrated immunohistochemically the presence of immunoreactive ANP in the ventricles of autopsied and biopsied humans with heart failure, but not in the control autopsied human hearts (19) . We also have reported an autopsy case of DCM in which tissue levels of ANP and ANP mRNA were markedly increased in the left ventricle as compared with those in the control subjects (18) . The present study confirms and extends our own previous study and that of Edwards and his co-workers, and demonstrates that an increased amount of ANP is actually released from the left ventricle into the circulation and contributes significantly to the elevation of plasma ANP levels in patients with DCM.
The mechanism(s) by which increased secretion of ANP occurs from the left ventricle in patients with DCM is unclear at the present time. Increased wall tension or stretch as a consequence of volume overload may stimulate the secretion of ANP from the left ventricle as from the atria (29). The demonstration in this study that the magnitude of step-up in the plasma ANP levels between the Ao and the AIV had a highly significant positive linear correlation with the left ventricular end-systolic volume index supports this interpretation. We (30) and other workers (8, 31) (33, 34) .
